nanocomposites. During the oxidative polymerization of aniline, heteropolyblue was generated and served as the reducing agent to stabilize and distribute AgNPs within "PAni-Keggin" and "PAni-Preyssler" matrixes as well as on their surfaces. The prepared nanocomposites and AgNPs were characterized using UV-visible (UV-Vis) and Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), pore size distribution BET, scanning electron microscopy (SEM), and transmission electron microscopy (TEM). UVVis results showed different stages of the formation of metal NPs embedded in the polymer-HPW composites, and FT-IR spectra presented characteristic bands of PAni, Keggin and Preyssler anions in the composites confirming no changes in their structures. The presence of AgNPs and an intensely crystalline matrix were confirmed by the XRD pattern. The BET surface areas were found to be 38.426 m 2 g À1 for "AgNPs-PAni-Keggin" and 29.977 m 2 g À1 for "AgNPs-PAni-Preyssler" nanocomposites with broad distributions of meso-porous structure for both nanocomposites. TEM and SEM images confirmed that the type of heteropolyacids affected the size of AgNPs. This is the first report that uses Keggin and
Introduction
Conductive polymers (CPs) are highly conjugated pi-bonded polymers with unique conductivity as a result of their delocalization of electrons. [1] [2] [3] The extended p-conjugated electron block, existing in CP molecules, originates their low energy optical transitions and high values of electrical conductivity, mechanical exibility and surface areas. Signicant electron affinity and porous structure of CPs extend their applications to useful substances for the incorporation of nanoparticles (NPs) in polymers. Incorporating metal NPs (MNPs) in organic-inorganic hybrid materials enhances their conductivity 4 and active surface area, due to the facilitation of charge transfer between the substrate and dispersed NPs in the matrix of hybrid composites. 5 Conductive polymeric metal NPs (CP-MNPs) composites have shown signicant electric, electronic and optical properties, as well as high mechanical exibility and porosity. 6 These characteristics have directed CP-MNPs composites to various applications in organic light emission diode (OLED), photovoltaics (PV), and electrochromic devices (ECD).
7,8
Many textures have been used for CPs, including: polyaniline (PAni), polyacetylene (PA), polythiophene (PTh), polypyrrole (PPy), polyphenylenevinylene (PPV), polyN-vinylcarbazole (PNVC), polyuorene, polyindole, and their substituted derivatives. These compounds have extended inspiring applications of CPs to rechargeable batteries, microelectronics, sensors and electrochromic displays. [9] [10] [11] Among these textures, PAni has desirable surface area, mesoporous nature, simple preparation, low cost, high catalytic property, high redox and ion-exchange properties, as well as tunable electrical conductivity property (resulted from the exible -NH group in its backbone), and good chemical and environmental stability in both air and solutions.
11 Aniline has three idealized oxidation states: fully reduced state (leucoemeraldine, colorless), fully oxidized state (pernigraniline, purple), and partially oxidized state (emeraldine base, blue color, and emeraldine salt, green color). In fact, the conductivity of common semiconductors (10 À4 to 10 2 S cm À1 ), exceeding from the conductivity of common polymers (<10 À12 S cm À1 ), is originated from the conductivity of emeraldine salt (unsoluble). 12 The desired properties of electrical conductivity and morphology of PAni nanostructures (different for nanobers, nanorods, nanotubes, nanowires and nanospheres) can be simply tuned depending on the type of dopant, the type and ratio of oxidant to monomer concentration, the temperature, the acidity of reaction, and the applied polymerization instructions. 13 PAni has been used both as a ller 14 and matrix [15] [16] [17] [18] material to achieve the desired properties of hybrid materials. The processability of PAni makes it suitable for the fabrication of polymer matrix of composites by incorporating conducting materials such as CNTs 13 and various MNPs as llers. As a result of these unique properties, PAni can be one of the best platforms for synthesizing nanocomposites through doping with various metallic nanostructures. 19 Thus, PAni can be one of the most promising active materials suitable for pseudo-capacitor electrodes and super-capacitors, 19, 20 corrosion inhibitors, electrochromic display structures, electrooptic and smart windows for energy storage in secondary batteries, and a membrane for OLED devices. 21 Due to its biocompatibility, PAni has been also used in biosensors, cell simulators, bio-actuators and drug delivery systems.
22-24
CP-NPs composites are synthesized through: electrochemical deposition, 9, 15, [24] [25] [26] solution or drop casting, 27,28 layerby-layer self-assembly, 29, 30 and entrapment into sol-gel matrices. 16, [31] [32] [33] [34] Most of these conventional methods and materials have limitations and disadvantages including: process complexity, toxicity, high cost, environmental problems, timeconsuming, high energy loss, low efficiency and low doping. 6, 24 Hence, producing modern CP-NPs composites with favorable properties and their corresponding synthesized methods have faced the following challenges. First, the agglomeration of NPs in the polymer matrix that should be avoided by using a suitable solvent. Second, the polymerization, formation and concurrent incorporation of MNPs into a CP matrix that should be spontaneous under ideal conditions (e.g., typical ambient temperature). When the number of steps in sequential reactions is reduced, the fabrication of composite occurs under a higher efficient process. It also receives the same benets when the reaction is concluded in one containersolution-reagent. Third, the reductive agent for immobilization and stability of NPs that should be non-toxic and environmentally friendly.
To overcome these challenges and provide ideal conditions for simultaneous reactions for polymerization, formation, and homogeneous distribution of metallic NPs, we used heteropolyacids (HPAs) to incorporate into the PAni matrix as dopant anions which not only has strong acidic properties for providing an ideal environment for the polymerization of monomers such as aniline, but it also has high oxidizing potential for readily acquiring and releasing several electrons per molecule.
Generally , V IV,V ) and various size, structure, composition and functions. 35 Due to their inherent ability (vacant d molecular orbitals), HPAs can undergo fast, reversible, stepwise redox reactions under mild conditions while retaining their intact structures. 36 Highly negatively charged nature of HPAs is desirable for the molecular dispersion of HPAs on the positively charged backbone of a polymer. This alleviates the aggregation of AgNPs while silver ions are electronically embedded into the PAni matrix.
37 So, during the oxidative polymerization of aniline, Keggin and/or Preyssler heteropolyanions can transfer electron from aniline to silver ions and, thus, serve as the protonating, reducing and stabilizing agents for the reduction and stabilization of silver ions in the CP framework. The role of HPAs in the synthesis and stabilization of NPs is reviewed in the light of many recent developments of these hybrid materials by various synthesis techniques. (Fig. 1b) . They are connected to each other from the edge and corner-sharing oxygen atoms assembled with D 5h symmetry where the central cavity is occupied by one sodium ion.
49,50
Preyssler polyanion possesses distinct properties that make it a unique heteropolyanion in comparison to the rest of HPAs family. These properties are as follow: (1) strong Brønsted acidity due to the presence of 14 acidic protons, which make it as an efficient solid "super acid", (2) high thermal and hydrolytic stability (in pH 0-12 environment), compared to Keggin and Dawson structures, (3) insensitivity to water, (4) recyclability (being green), (5) high oxidation potential, (6) high surface area (Preyssler is the largest polyanion among HPAs), (7) reversible transformation, and (8) solubility in polar and non-polar solvents. Thus, while the pH (acidity) of the reaction mixture has an intense effect on the successful control of PAni synthesis, 51 the Preyssler heteropolyanions can be excellent and more effective acidic catalysts than Keggin group to replace the conventional acids, such as H 2 SO 4 , HCl, HNO 3 and HF, by creating an ecofriendly acidic environment for synthesizing and polymerization of PAni. There is only one report on synthesizing Ag-PAni nanocomposites using Keggin-type phosphomolybdic acid (HPMo) in an aqueous solution by in situ oxidative polymerization method. 18 In addition, AgNPs-PAni composites were synthesized using Keggin-type phpsphotungstic acid (HPW) through a sol-gel method. 16 Nevertheless, there is yet no report on utilizing the Preyssler-type for synthesizing CP-NPs composites.
In the present study, we focus on the synthesis of silverincorporated PAni-HPW nanocomposites using Keggin (H 3 PW 12 O 40 ) and mono-Na + -encapsulated Preyssler-type 
Material and methods

Reagents
Most of the chemicals were obtained from MERCK, Germany, and used as received without further purications. Acetonitrile was purchased from SAMCHUN Pure Chemical Co., South Korea, and Cation Exchange Resin, Dowex-50W-x8, was obtained from Sigma Aldrich, USA. The Preyssler-type HPA was prepared in our laboratory. Aqueous solutions were prepared from double distilled deionized water. All the chemical reactions were carried out at room temperature.
Synthesis of "AgNPs-PAni-Keggin" composite
The "AgNPs-PAni-Keggin" nanocomposite was synthesized via a one-step reaction: 0.30 mL (3.33 mmol) of freshly doubled distilled aniline and 3.48 g (1.05 mmol) of Keggin-type phosphotungstic acid (H 3 PW 12 O 40 ) were dissolved in 20 mL acetonitrile; a light orange complex was immediately formed. Then, 1 mL (2 M) of freshly prepared ammonium persulfate (APS) was added to the mixture drop-wise. Due to the formation of heteropolyblue, the color was changed to an intense blue color which indicated an electron transfer from aniline to Keggin (producing reduced Keggin). To this solution, 7.5 mL AgNO 3 (0.01 M) aqueous solution was added and ultrasonicated for 5 minutes using a TOSHCON sonicator, 40 KHz 100 W, Germany. The reaction was stirred for 20 hours at room temperature. The mixture was poured onto 100 mL methanol; an immediate precipitation of the product occurred. Fig. 1 (a) Keggin-type structure, (b) Preyssler-type structure. (Fig. 2c) .
Synthesis of "AgNps-PAni-Preyssler" composite
The "AgNPs-PAni-Preyssler" nanocomposite was synthesized in a one-step reaction: 0.65 mL (7.15 mmol) of freshly doubled distilled aniline and 3.69 g (0.50 mmol) of Preyssler acid were dissolved in 30 mL acetonitrile; white precipitate was immediately formed. Then, 1.3 mL of freshly prepared APS (2 M) was added to the mixture drop-wise, where, owing to the formation of heteropolyblue, the color was changed to an intense blue color indicating an electron transfer from aniline to Preyssler (producing reduced Preyssler). To this solution, 12 mL AgNO 3 (0.01 M) aqueous solution was added and ultrasonicated for 5 minutes in the sonicator. The reaction was stirred for 20 hours at room temperature. The mixture was poured onto 100 mL methanol, an immediate precipitation of product occurred. The precipitate was centrifuged at 6000 rpm for 5 minutes and repeatedly washed with methanol until the ltrate turned colorless. Aer that, it was washed three times with double distilled demineralized/deionized water to remove excessive oligomer. Unreacted heteropoly and oxidant were washed using acetone. The black solid sample (AgNPs-PAni-Preyssler) was air dried, placed in a vacuum oven at 80 C, and stored in a desiccator for further characterizations.
Characterization of AgNPs embedded polyanilineheteropolytungstate composites
A UV-Vis spectrophotometer (CARY50, VARIAN Spectrometer, Australia) was utilized to record different stages of the formation of "AgNPs-PAni-HPW" nanocomposite within the wavelength range 200-800 nm. Fourier transform infrared spectra (FT-IR) were recorded by a Nicolet (Thermo) Avatar 370 FTIR Spectrometer, USA, using the KBr pellet mode in the region of 4000-400 cm À1 . A Transmission Electron Microscope (TEM, PHILIPS, model CM120, Netherland) was utilized at 120 K accelerating voltage. The Scanning Electron Microscopy (SEM) was carried out by Philips XL30 ESEM, at 20 KV voltage. The XRay Diffraction (XRD) patterns were recorded by a diffractometer, Explorer q-q, GNR, Italy, equipped with a dectris (fast strip) detector and tted at 0.25 mm radiation entrance slit, using Niltered Cu Ka radiation (k ¼ 1.5418 A at 0.01 scan rate in 2q).
The Brunauer-Emmett-Teller (BET) specic surface area of the samples was examined using PHS-1020 (PHSCHINA), China. The pore size distributions were calculated through the BarrettJoyner-Halenda (BJH) method.
Results and discussion
In the present protocol, PAni-supported AgNPs, containing Keggin and Preyssler-type phosphotungstic acids, were prepared in a one-step reaction through simultaneous in situ oxidative polymerization of aniline in the presence of APS as the co-oxidant at room temperature. The experimental evidence, which proves the stability and existence of Keggin and Preyssler heteropolyanions incorporated to the PAni matrix, comes from the FT-IR spectra ( Fig. 2a-d) . In Fig. 2a correspondence to the FT-IR spectra of "AgNPs-PAni-Keggin" nanocomposite in Fig. 2b , which indicated that HPW retained its Keggin structure. Band shis are identied as the reection of strengthening and shortening of Keggin units upon doping in the PAni backbone (Table 3) . (Fig. 2c) . In the IR spectra of synthesized "AgNPsPAni-Preyssler" nanocomposite, peaks are located at 1151 and 1082, 984, 910, 782 and 510 cm À1 (Fig. 2d and Table 4 ). From the FTIR analysis, slight shis conrm the existence of strong peaks of pure Preyssler and PAni. A strong electrostatic interaction between Preyssler and PAni matrix exists while the molecular structure of Preyssler anions is preserved during the incorporation with the nanocomposite (despite the larger size of Preyssler structure compared to Keggin). As there are strong covalent bonds in the dened structure of Preyssler molecule between oxygen and tungsten atoms, its structure is maintained aer doping, although some deviations occur in its spatial form; this phenomenon is reected in the slight shis in IR spectra. Proper distribution of molecular active particles of Keggin and Preyssler heteropoly anions in the PAni nanostructures introduces them as excellent candidates for heterogeneous catalysis applications with enhanced performances.
38
The optical properties of "AgNPs-PAni-Keggin" (Fig. 3a) and "AgNPs-PAni-Preyssler" nanocomposites ( Fig. 3b) were analyzed using the UV-Vis spectrophotometry method at room temperature. Curve (I) in Fig. 3a illustrates the UV-Vis spectrum of Keggin-type solution with no obvious absorbance in the range of 400-800 nm. Curve (II) corresponds to the UV-Vis absorption of blue-colored solution (heteropolyblue) which contains reduced Keggin solution and oxidized aniline aer adding APS.
An absorption band at 415 nm shows the transfer of one electron from aniline to Keggin (due to the electron transition to d orbitals of W). The broad weak peak at 700 nm is ascribed to the overlap of characteristic absorption of [PW 12 O 40 ] 3À and PAni. 18 Color intensity increased due to the electron transition in the examined substances. Curve (III) shows the spectra of PAni-Keggin mixture to which AgNO 3 solution was added to reduce the silver ions to AgNPs. Strong absorption peaks were observed at $450 and $573 nm because of the excitation of (Fig. 3a , curve (III)).
18,59
In Fig. 3b , curves (I) and (II) correspond to the UV-Vis spectra of "AgNPs-PAni-Preyssler" nanocomposite which are nearly similar to the ones for Keggin-type, however, curve (III) differs by a strong absorption band at 415 nm and a weak band at $700 nm. Given that each heteropoly structure has a specic redox potential; these differences are important for the reduction of silver NPs where the redox potential should be large enough to reduce and stabilize AgNPs in the polymer matrix. In summary, Preyssler-type HPAs like Keggin could reduce and stabilize AgNPs in the nanocomposite in a one-pot process at the ambient temperature.
SEM method was employed to investigate the morphology and size of AgNPs dispersed in both synthesized "AgNPs-PAniKeggin" (Fig. 4a) and "AgNPs-PAni-Preyssler" (Fig. 4b) nanocomposites. SEM results exhibited highly crystalline, porous and irregular structure intermingled with small islands due to some agglomeration of HPW-doped polymer while very small light spots of AgNPs dispersed in the matrix. The irregular morphology of PAni occurs due to the intermolecular hydrogen bonding as well as the existence of folded PAni chains during the polymerization process. 57 This property indicates that only a part of Keggin molecules dispersed on the surface of polymer and the rest crystallized on the surface of support (polymer matrix).
60
In Fig. 5 , a clear view of AgNPs dopped in PAni-HPW composites is seen through TEM images. Fig. 5(a and b) for "AgNPs-PAni-Keggin" nanocomposite and Fig. 5(c and d) for "AgNPs-PAni-Preyssler" nanocomposite, respectively, exhibit spherical AgNPs dispersed and stabilized in the "PAni-Keggin" and "PAni-Preyssler" nanocomposite matrixes. TEM micrographs clearly showed the matrix of ashy PAni background with individual intense grayish AgNPs with predominant spherical shape surrounded by polymer support, implying the successful synthesis of AgNPs embedded in PAni. Dispersed and stabilized spherical AgNPs are clearly seen in the TEM images of "PAniKeggin" and "PAni-Preyssler" nanocomposite matrixes without the common agglomeration issue which unfavorably occurs in AgNPs products. 18 From TEM results, the size range of NPs in "AgNPs-PAni-Preyssler" nanocomposite is estimated to be smaller than the size of NPs in "AgNPs-PAni-Keggin" nanocomposite. Thus, it can be concluded that the size of NPs was affected by the type of HPA because different HPAs had a specic redox potential and this controlled the size of NPs. As the Preyssler had the highest activity among HPAs (mentioned in Introduction), a faster reduction occurred, which resulted in smaller and more uniform NPs. 61 The dark highlighted blue circles in Fig. 5 show the impurity contents of AgNO 3 or tungsten oxides during the oxidative polymerization of aniline (appeared in XRD results among AgNPs signals).
Generally, AgNPs tend to agglomerate due to small gauges and high surface/volume ratio of NPs. 62, 63 Electrostatic repulsion between Keggin and/or Preyssler molecules arose from their highly negatively charged units which facilitated the dispersion of HPWs on the positively charged backbone of PAni. Indeed, HPWs structure served as an anchor for the dispersion or trapping AgNPs. So, this alleviated the aggregation of AgNPs while silver ions were electronically introduced into the PAni-HPW network and rmly attached to the framework. The strong graing interaction between the HPW-PAni and AgNPs was found from the nearly thin and transparent PAni matrix doped by the silver NPs where only a few AgNPs were scattered in the PAni matrix. 63 As a consequence, the attached AgNPs may have ignorable crumpling together in the PAni network.
63
AgNPs were decorated on both surface as well as the matrix of PAni. 35 This also indicated that a certain amount of embedded AgNPs could efficiently prevent PAni from stacking during the reduction. 63 Generally, despite all the studies in the eld of AgNPs, their dynamic and complex surface chemistry have not been fully understood. The relationships and interactions in HPA-stabilized NPs with polymer matrix (which are newly emerging hybrid materials), various morphology and different reaction conditions, and wide range of particle size, make it a potential topic for comprehensive studies in the future.
64
The XRD analysis was served to conrm the presence of AgNPs in both synthesized "AgNPs-PAni-Keggin" (Fig. 6a) and "AgNPs-PAni-Preyssler" (Fig. 6b) 6 XRD patterns of (a) "AgNPs-PAni-Keggin" nanocomposite, and (b) "AgNPs-PAni-Preyssler" nanocomposite. 63 From XRD data, it was evident that the "AgNPs-PAniPreyssler" nanocomposite exhibited broader peaks for NPs than "AgNPs-PAni-Keggin" nanocomposite; this veries the small crystalline size of AgNPs. For AgNPs with smaller size, the concentration of oxides became larger due to larger surface-volume ratio. 63 This nding is in-line with the results veried by TEM and BET data on the small-size NPs embedded in the matrix of nanocomposites. It is worthwhile to mention that the size of AgNPs can be estimated from the DebyeScherrer formula.
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The nitrogen adsorption/desorption isotherms of "AgNPsPAni-Keggin" and "AgNPs-PAni-Preyssler" nanocomposites are shown in Fig. 7a and b , respectively. As shown in both Fig. 7a and b, the N 2 isotherm of the as-prepared nanocomposites showed type III adsorption isotherms. The hysteresis loop with a H3 type is observed for non-rigid aggregates of plate-like particles (slit-shaped pores); 67, 68 in agreement with the SEM data. Besides, there was an additional adsorption step inection occurred (with slight slope) at relative pressure range (p/p 0 ) of 0.4-0.6. The meso-pores and step inection with sharp uptake is observed at relative pressure (p/p 0 ) of 0.8-1 which was the indication of the presence of textural macro-pores in both samples, 46 identical with the macro-porous structures observed in SEM. The meso-pore size distribution curves calculated by BJH method are shown in Fig. 7a and b (inset), respectively. Obviously, the samples displayed broad pore size distributions ranging from 1.26 to 18.96 nm for "AgNPs-PAni-Keggin" and 1.25 to 19.95 nm for "AgNPs-PAni-Preyssler" nanocomposites ( Table 6 ). The results of physical characterizations showed that micro-porous, meso-porous and macro-pores coexisted in the samples. Micro-pores were more signicant (BJH isotherm) as they had high surface area. Both composites exhibited a broad distribution of micro/meso-pores, 12-189 A for "AgNPs-PAniKeggin" nanocomposite ( Fig. 7a) and 12-199 A for "AgNPsPAni-Preyssler" nanocomposite (Fig. 7b) . Here, the average pore diameters were determined as $2.244 nm for "AgNPsPAni-Keggin" nanocomposite and $2.235 nm for "AgNPsPAni-Preyssler" nanocomposite, nearly similar average pore size. On the other hand, pores with similar diameters in both nanocomposites were mainly in the range of <10 nm. Furthermore, the Brunauer-Emmett-Teller (BET) surface areas were found as 38.426 m 2 g À1 for the "AgNPs-PAni-Keggin" nanocomposite and 29.977 m 2 g À1 for "AgNPs-PAni-Preyssler" nanocomposites (Table 6 ).
Conclusion
A new method was introduced for the synthesis of two novel "AgNPs-PAni-Keggin" and "AgNPs-PAni-Preyssler" conductive nanocomposites through a low-cost, facile, one-pot, environmentally friendly and simultaneous in situ oxidative polymerization protocol at room temperature by using green materials; Keggin and Preyssler-type phosphotungstate. This is the rst report that introduces both heteropolytungstates (Keggin and Preyssler-type) as dopants for acid protonating species and oxidative polymerization of aniline monomers. High crystallinity of matrixes was conrmed by XRD and SEM characterizations while TEM analysis showed signicantly avoiding the common agglomeration issue in AgNPs products. IR results conrmed the existence of HPW as dopant anions that facilitated the stabilization, reduction and distribution of spherical AgNPs in the PAni matrix. BET characterization exhibited highly porous structures for both nanocomposites with the broad distribution of meso-pores with average pore diameters of $2.244 nm for "AgNPs-PAni-Keggin" and $2.235 nm for "AgNPs-PAni-Preyssler" nanocomposites. The highly protonated degree of PAni with HPW dopants can result in elevated electrical conductivity and exibility of PAni containing hybrid materials, which can be useful for hydrogen fuel cells, electrodes and catalyses applications.
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